Objectives: To study the ambulatory measured blood pressure (ABPM) profile in normotensive patients with mild cognitive impairment (MCI). Patients and Methods: The study was designed as a case control study including 50male patients with mild cognitive impairment in the age group of 30 -50 years old. The control group included 30 volunteers with no cognitive impairment and in the same age group (30 -50 years old) and same gender. Mini-mental estate examination, office and ABP monitoring (ABPM) and brain MRI scans were done for cases and controls. Results: Thirty patients (60%) with MCI revealed a non-dipper blood pressure pattern. Sleeping systolic blood pressure and sleeping systolic load were significantly higher in patients with MCI than in normal volunteers (p = 0.01). MRI brain showed more white matter lesions (WMLs) in patients with MCI than in normal volunteers; however, this didn't reach significance level (p = 0.056). Conclusion: MCI in normotensive young adult patients could reflect an abnormal circadian blood pressure rhythm. Ambulatory blood pressure monitoring could be an essential investigation in young adult MCI patients.
Introduction
Mild cognitive impairment (MCI) refers to cognitive impairment that does not meet the criteria for dementia. Several criteria and subtypes of MCI have been proposed [1] - [3] . These criteria include a measurable deficit in cognition in at least one domain, in absence of dementia or impairment in activities of daily living. As originally constructed, the concept of MCI emphasizes memory impairment and is suggested to be a precursor state for Alzheimer disease (AD). Subsequently, it is recognized that MCI can be heterogeneous in terms of clinical presentation, etiology, prognosis, and prevalence [3] - [5] . Accordingly, the construct is expanded to broaden the scope of MCI to other cognitive domains, thereby extending the early detection of other dementias in their prodromal stages [6] - [8] . Cognitive function can be assessed by mini-mental state examination (MMSE) which is a brief 30 points questionnaire test. The test result may be classified as normal (score: 25 -30), mild cognitive (score: 21 -24 ) and severe cognitive impairment (score: 0 -9).
Although the relationship between blood pressure and dementia risk is not clearly understood, most longitudinal studies have found that the risk of dementia and cognitive impairment is associated with either high blood pressure [9] [10] or with low blood pressure. However, other studies have found no association [11] - [13] .
Ambulatory blood pressure monitoring (ABPM) is being increasingly recommended for routine clinical practice [1] [2] . It may be particularly useful in evaluating patients with variable blood pressure readings in the office, or patients with wide discrepancies between the blood pressure readings at home and at clinic (i.e. "white coat" hypertension). ABPM and, in particular, nocturnal blood pressure readings, may also provide prognostic data [3] .
Patients and Methods
Fifty male patients were recruited from neurology and psychiatry clinics. These patients were diagnosed as having MCI in the form of mild decrease in short term memory span affecting their daily work without any associated comorbidity (i.e. psychiatric, vascular or metabolic disorders). These patients constituted Group 1. Thirty volunteers were recruited and were age and gender matched. These volunteers were either relatives of patients or health workers from the same hospital. They had a normal Mini-mental state examination (MMSE) score denoting absence of cognitive impairment, fulfilled the inclusion criteria for controls and had no evidence of the exclusion criteria mentioned later. These controls constituted Group 2.
Inclusion Criteria
Inclusion criteria for patients and controls included male gender, age range of 35 -50 years old and normal average blood pressure on ABPM. Sphygmomanometer arterial blood pressure monitoring device has been used for office blood pressure monitoring for patients, the inclusion MMSE score is 21 -24 which indicates MCI. For controls, the inclusion MMSE score is 25 -30 which indicates a normal cognitive function.
Exclusion Criteria
Exclusion criteria include female gender, documented hypertension, associated co-morbidities (e.g. diabetes, psychiatric disorders, and metabolic disorders). MMSE scores lower than 21 were not included. Inability to perform a 24-hour ABPM or MMSE evaluation was also exclusion criteria in this study. Patients with missing data were also excluded.
Neuropsychiatric Assessment
Patients and controls that fulfilled the above criteria were subject to thorough clinical evaluation, including history taking and general examination. Neurological and psychiatric examinations were carried out to exclude any associated neurological or psychiatric disorders, e.g. pseudo-dementia with underlying depression. Mini-mental estate examination (MMSE) was then done to all patients and controls. The mini-mental state examination (MMSE) or Folstein test is a brief 30-point questionnaire test that is used to screen for cognitive impairment [4] . We used an Arabic version of the MMSE score [5] .
Cardiac Assessment and Blood Pressure Evaluation
Cardiac examination was done next, including office blood pressure measurement. Office BP measurement was done as follows: Patient was allowed to rest for 5 minutes in supine position then blood pressure was recorded using a standard mercury sphygmomanometer in the supine position as well. Three clinic BP readings were taken on 3 separate occasions, at least 2 weeks apart. The reported clinic blood pressure reading is the average of the 3 recorded readings. Hypertension is considered if the average BP exceeded 140/90 mmHg in office [2] . In 24-hour ABPM, hypertension is considered if the average BP exceeded 130/80 mmHg [3] . As previously described, hypertensive patients were excluded from the study. Normotensive patients and controls were included in the study. The morning and nocturnal variations in blood pressure were evaluated and compared.
MRI Examination
The next day, patients and controls visited the radiology department for a customized simple brain MRI study that is composed of standard axial T1 weighted, axial T2 weighted and axial FLAIR sequences. The MRI study was done on a 0.2T GE Signa Excite machine (GE Medical Systems, Waukesha, WI). The evaluation of the MRI was to rule out other causes of cognitive impairment and to score the white matter hyperintensities (Figure 1) . The deep white matter hyperintensities were evaluated and scored according to the modified Scheltens score [7] .
Because we are dealing with patients in an under-developed country (many of whom are poorly educated), we used this simple MRI evaluation and score to confirm the degree of white matter hyperintensities and whether or not, they agree with our findings.
The MMSE and MRI scoring were each performed by a single experienced physician each with 10 years' experience in their fields. Similarly, the 24-hour ABPM analysis was done by an experienced cardiologist with 12 years' experience.
A blood sample was also withdrawn from all patients to be analyzed for their dyslipidemic profile and random blood sugar.
Ethical Statement
The study was approved by the institution's local ethics committee which conforms with the Declaration of Helsinki. The study objectives and design were explained to patients and controls. Inclusion into the study was done after patients gave written informed consent.
Statistical Analysis
Statistical analysis was carried out using SPSS version 21 for windows (SPSS Inc., Cary, NC). The analysis of the difference of nominal data, e.g. smoking and dyslipidemia, between groups was carried out using the Chi Square test. Student T-test was then used to compare the means of numerical data, e.g. age, blood pressure and echocardiographic parameters between both groups. Mann Whitney U test was used for comparing the MRI score between both groups. Bivariate Spearman's correlations were carried out between each of the office BP measurements and the 24-hour ABPM variables and the MMSE and the MRI score. A linear regression analysis was run to find the factors with stronger impact on the cognitive function. Significance level for the used tests is p = 0.05.
Results
The age of patients and controls ranged from 35 till 50 years old with mean age 38.3 years old.
Regarding the smoking and dyslipidemic risk factors, we had 42 smoker patients and 30 dyslipidemic patients in total and there was no significant variation between both groups regarding these 2 factors. Age was similarly of no significant difference between both groups (p = 0.6). The distribution of these later risk factors and age among both groups is presented in Table 1 .
The office, average and morning ambulatory blood pressure parameters were not significantly variable between both groups.
The night blood pressure parameters revealed significantly higher systolic blood pressure in the MCI group (Group 1) than in the control group (Group 2) with p value = 0.019. The night MAP was also significantly higher in the MCI group than in the control group (p = 0.01). This is represented in Table 2 .
Echocardiographic parameters revealed significant difference between both groups regarding diastolic dysfunction (p = 0.038). MRI score was significantly different between both groups (p = 0.019). This is represented in Table 3 .
The night systolic and mean arterial blood pressure measurements as well as the diastolic dysfunction correlated significantly to the MMSE score (R = 0.49 -0.6, p =< 0.0005 -0.02). The night systolic and mean arterial blood pressure also correlated significantly to the MRI score (R = 0.82 -0.88, p = 0.001 -0.004). This is represented in Table 4 .
Running the linear regression test, the night mean arterial pressure and the diastolic dysfunction had the strongest impact on the MMSE class of the patient (R 2 = 0.87, p = 0.001). Upon the MRI score, the night systolic blood pressure had the strongest impact (R 2 = 0.67, p = 0.004). 
Discussion
Hypertension targets many body organs, including the heart, kidneys, eyes, and brain. In apparently healthy people, hypertension can lead to mild to moderate alterations in the brain structure and function, less attention, learning and memory [14] . The hypertension-related structural and functional changes in the brain can be detected by routine brain MRI or CT scans and by neuropsychological assessment of cognitive abilities [15] . Clinic measured blood pressure is usually not representative of the patient's blood pressure throughout the day. This is the result of the several factors, e.g. white coat hypertension phenomenon, patients who are not well compliant to their anti-hypertensive treatment. Accordingly, clinicians in many centers are increasingly getting dependent on the 24-hour ABPM for the evaluation of the patient's blood pressure variation throughout the day.
In this study we aimed to evaluate the diurnal variation of blood pressure in young patients with mild cognitive impairment. Comparing the MCI group to the control group, there was no significant variation between them regarding office measured BP, average and morning ABPM parameters (p = 0.1 -0.7). However, sleep systolic and MAP showed significant difference between the two groups (p = 0.019 and 0.01 respectively). We also evaluated some co-factors, like age, dyslipidemic profile and smoking status; these however were not significantly different between both groups. The male gender was selected in our sample to control this co-factor. Similarly, other co-factors, like diabetes, metabolic and psychiatric disorders, were excluded as per the study design.
The patient group was also significantly different from the control group as per the absence or presence of diastolic dysfunction (p = 0.038) and their MRI scoring (p = 0.019).
Bivariate correlation proved a significant strong correlation between each of the sleep systolic BP, sleep MAP and presence of diastolic dysfunction and the MMSE score (R = 0.49 -0.6, p =< 0.0005 -0.02). For sleep systolic BP and sleep MAP, this correlation was significant at the p = 0.01 level. This agrees with results from cross-sectional [16] and longitudinal [14] [17]- [20] studies. These studies revealed a correlation between BP and cognitive function in elderly people. However, the relation of cognitive dysfunction to the systolic or diastolic BP is variable. Some authors reported an association between high systolic BP (The Honolulu-Asia Aging Study) and cognitive dysfunction [21] . Others reported a relation between high diastolic BP and cognitive dysfunction [19] . Other authors suggested that elevated both systolic and diastolic BP was more related to the cognitive decline [9] .
Regarding the MRI scoring, we found that the sleep systolic BP and sleep MAP had a significant strong correlation at the p = 0.01 level with the MRI score (R = 0.58, p = 0.001).
Our results revealed that the night MAP and diastolic dysfunction had the strongest impact on the MMSE score. On the other hand, the night systolic BP had the strongest impact on the cerebral MRI score. Many studies agreed with ours regarding the effect of average 24-hour and average daytime systolic blood pressure to the cognitive decline and MRI changes [9] [10]. Nagai M et al., however disagreed in that the sleeping systolic BP had the stronger impact upon the cognitive ability, although average overall and average awake systolic BP were also strongly correlated to cognitive function [22] . To the authors' best knowledge, few researchers have found a strong correlation between the cognitive impairment and the diastolic blood pressure at any phase of the 24-hour ABPM [19] [23] .
Silent cerebral white matter lesions (WMLs) represent an important prognostic factor as they are considered a risk factor for the development of stroke, dementia and cognitive impairment. This is true for the elderly, where these silent WMLs are a common finding on brain magnetic resonance imaging (MRI). The pathogenesis of these WMLs is debatable, but aging and hypertension are reported to be the main risk factors [24] [25] . However, in young age cerebral WMLs are not a common finding in brain MRI.
In hypertensive patients, WMLs tend to occur earlier in life and appear more extensive, compared to normotensive individuals [24] [26] . In addition, it has been shown that treated controlled hypertensive patients have a lower prevalence of WML than both untreated and treated but not controlled hypertensive patients [26] .
Our study had some drawbacks. First, we did not include diabetic patients. We aimed to make the study sample as uniform as possible, accordingly we excluded diabetes as an important risk factor for vasculopathy and hypertension. This implies that our results are only applicable to non-diabetic hypertensive patients.
Second, some other factors could not be excluded from the study, for example the dyslipidemia and smoking factors. These were however insignificant among the 4 groups of patients. Age is also an important risk factor for altered cognitive function and hypertension. In our sample, the severe cognitive impairment group had a higher mean age that reached a weak statistical significance level (p = 0.03). This is possibly due to a higher minimum age in that group (70 years old vs 65 years old for the other 3 groups). Also, this poor significance does not explain the association with uncontrolled hypertension seen in the mild and moderate cognitive impairment groups. Hypertension duration is also among the strongly significant factors that affected the patients' cognitive ability and their cerebral MRI scores. This seems to be a logical relation and based on the multiple regression analysis, age and hypertension duration had a lower impact on the MMSE and cerebral MRI score than the average awake systolic blood pressure.
Third, the effect of treatment and the achievement of a well-controlled BP were not evaluated in our study. This is a very important issue that needs a longitudinal study with long term follow up to record the rate of change of cognitive decline and cerebral MRI score, not to mention studying the different effects of variable drug combinations that achieve the proper BP control.
Finally, the time duration of poor control of hypertension until the appearance of cognitive impairment is a factor that needs a longitudinal study to record its impact upon the utility of MMSE test for the prediction of hypertension control. But this point may be of little importance as the authors do not suggest the replacement of 24-hour ABPM by the clinic MMSE test.
Conclusion
We conclude from our study that MMSE is a simple test to run in clinic and can give an idea about the degree of structural damage caused to the brain by hypertension; and hence predict whether or not the patient's BP is well controlled. This will not replace the 24-hour ABPM for the actual identification of the degree of BP control but the abnormal MMSE score may help guide the clinicians to request this 24-hour monitoring. 24-hour ABPM is still an essential tool for ongoing evaluation of patients' BP and following up the effect of treatment. Also MCI in normotensive young adult patients can reflect an abnormal circadian blood pressure rhythm. Ambulatory blood pressure monitoring can be an essential investigation in young adult MCI patients.
